U ncorrected refractive error of any magnitude affects 25% to 54% of adults aged 40 to 80 in the United States. [1] [2] [3] [4] [5] [6] The functional and societal effect of uncorrected refractive error can be difficult to estimate, because in the prevailing culture, much of the responsibility and costs associated with updating prescriptions for eyeglasses are left to the individual. Nevertheless, uncorrected refractive error is the most common cause of visual impairment in older individuals, 7 and visual impairment is one of the leading causes of physical decline with aging. [8] [9] [10] If visual impairment is left untreated, there is a greater risk of functional decline, social isolation, falls, hip fractures, accidents, and mortality. 8, [11] [12] [13] [14] Given the high costs of visual impairment to society and the individual, it is surprising that there is such a high prevalence of uncorrected refractive error, because it can be so easily remedied with new eyeglasses and magnifiers. One potential factor is that there have been no randomized, controlled trials evaluating the effect of the correction of refractive error or use of magnifiers in persons with uncorrected refractive error and near-normal vision or moderate-low vision, although there has been a nonrandomized clinical trial evaluating the effect of low-vision services on vision-specific and overall quality of life. 15 A randomized clinical trial was designed to estimate the effect of this noninvasive therapy on vision-targeted quality of life and overall independence with activities of daily living (ADLs) in community-dwelling older persons.
METHODS

Study Design
One hundred thirty-one community-dwelling individuals aged 65 and older with habitual binocular visual acuity of 20/32 or worse whose distance or near visual acuity could be improved by at least two lines of acuity (10 letters) were recruited. Participants were randomized to receive an immediate (intervention group) or 3-month-delayed (control group) prescription and a voucher for free eyeglasses, magnifiers, or both. Eligibility criteria required participants to have a fixed residence for the following 3 months, to speak and understand English, to have a phone or another way that the research team could schedule and confirm their home visit, to ambulate independently with a cane or walker, to have a Mini-Mental State Examination (MMSE) score of 23 or more, and to be capable of providing written informed consent. Institutional review board approval was obtained at the University of California at Los Angeles (UCLA).
To identify potentially eligible subjects, screening examinations were held in community locations in Los Angeles County. All subjects who participated in the screening examination gave verbal consent to do so. The screening examination consisted of a brief questionnaire to ascertain demographic characteristics, including socioeconomic status; measurement of binocular distance visual acuity on a standard illuminated logarithmic acuity chart (Early Treatment Diabetic Retinopathy Study (ETDRS) chart ''R'' from Precision Vision, LaSalle, IL); and assessment of cognitive function measured using the clock drawing test.
Three months after screening examinations started, to increase the ability to recruit participants for the trial, the screening visual acuity was relaxed from a visual acuity of 20/40 or worse to 20/32 or worse, the lower age limit was reduced from 75 to 65, and the minimum MMSE score was decreased from 23 to 20. A visual acuity ranging from 20/30 to 20/60 is considered to be near-normal vision, which means that individuals are able to function fairly normally but have no visual reserve, whereas visual acuity ranging from 20/80 to 20/160 is defined as moderate-low vision, and individuals with this acuity level may need rehabilitation. 16 Subjects who met the eligibility criteria, who had habitual binocular visual acuity of 20/32 or worse, and who gave written informed consent underwent an eligibility examination. This examination sought to determine whether their binocular distance or near visual acuity could be improved by two lines of visual acuity or more (at least 10 letters) with new eyeglasses or magnifiers. Participants whose near visual acuity did not improve 10 letters or more with a reading lens used magnifiers. During the examination, it was also determined whether their MMSE score was 20 or more, indicating acceptable cognitive status, 17 and whether they had a score less than 6 on the Geriatric Depression Scale short form (GDS), indicating the absence of depression. 18 Individuals with scores of 6 or greater on the GDS were referred to a psychiatrist or psychologist in the area and were ineligible to be randomized. In addition, all subjects who underwent the eligibility examination completed the Self-Administered Comorbidity Questionnaire 19 and had a complete dilated ocular examination by an ophthalmologist. Subjects with an ocular disease that needed treatment were referred to an ophthalmologist in the surrounding area and were ineligible for randomization.
The Peppercenter Data Management Core generated the allocation sequence for randomization, which was in blocks of four (2 interventions, 2 controls). Randomization was stratified within groups defined by presence or absence of age-related macular degeneration (AMD) to ensure bal-ance between groups of this condition. The randomization sequence was concealed until treatment groups were assigned. Once participants were eligible to be randomized, they were handed a sealed numbered envelope that corresponded to the random allocation sequence. This envelope included the voucher for free eye glasses or a letter informing the participant that they would be receiving the voucher at the study's conclusion. The study coordinator immediately gave a prescription for eyeglasses, and a magnifier, if needed, to participants who were randomized to eyeglasses or magnifiers; the correction needed by the participant was specified on the voucher. These participants were encouraged to obtain their new glasses as soon as possible. Participants who were randomized to eyeglasses, magnifiers, or both after the 3-month follow-up visit were informed that they would receive the prescription and voucher for the free eyeglasses and magnifiers at the study's conclusion. Participants were followed up in their homes 3 months after randomization.
Outcome Measures
The primary outcome for this clinical trial was change in vision-specific functioning as measured using the 25-item National Eye InstituteFVisual Functioning Questionnaire (NEI-VFQ). The NEI-VFQ is a vision-targeted health-related quality-of-life questionnaire that uses a standardized focus group method to develop measures of functioning in three areas: general health and vision, difficulty with visual activities, and emotional responses to vision problems. 20, 21 The NEI-VFQ subscale test-retest reliability as measured using intraclass correlations was between 0.68 and 0.91 for all scales. The correlations of the near and distance vision scales with binocular ETDRS visual acuity were 0.71 and 0.67, respectively. 20 The analysis was supplemented with measures of visual acuity and overall functioning. Binocular distance vision at the screening and home examinations were measured using a portable standard illuminated logarithm of minimum angle of resolution (logMAR) chart (Precision Vision). Binocular near visual acuity was measured using the Lighthouse Near Visual Acuity Test ''Modified ETDRS'' charts 1 and 2 at an illumination of 60 foot candles. Bestcorrected binocular distance visual acuity before randomization was measured on the BVAT PC logMAR chart (Medtronics Solan, Jacksonville, FL). At the follow-up examination, neither examiners nor participants were masked to treatment group.
To assess overall functioning, the Rosow-Breslau function questionnaire, 22 which consists of three questions that produce six response categories, was used. From these six response categories, a Guttman scale of reported functional health is created. The items include questions on ability to walk a quarter of a mile, to climb up and down at least two steps, and to perform heavy chores (e.g., yard work, washing windows).
Sample Size and Statistical Analyses
It was calculated that a sample size of 63 participants per group completing the study would allow the null hypothesis of no difference in the NEI-VFQ composite score between treatment arms to be rejected with 80% power in a two-sided test at a 5 0.05 if the true difference was 10 points or greater (an effect size of 0.5 standard deviations). 21 Study outcomes were analyzed according to original treatment assignment (intention to treat). To assess the effectiveness of the randomization, all demographic variables and baseline values of outcome variables (NEI-VFQ scores, near and distance visual acuity) were first compared between the two treatment groups. Three-month outcome variables and changes between baseline and 3-month outcomes were compared between the two treatment groups using t tests and multiple linear regression models adjusted for the corresponding baseline measurements, age, and AMD. Categorical variables were compared using Fisher exact or chi-square tests. Correlations were calculated between baseline values, follow-up values, and changes in the outcome variables. Because randomization was stratified by the presence of AMD, an exploratory subgroup analysis was performed comparing treatments between participants with and without AMD. Exploratory subgroup analyses were also performed comparing treatments of participants who received only magnifiers (n 5 38) and with those of participants who received eyeglasses/magnifiers (n 5 93). All analyses were performed using SAS statistical software version 8.2 (SAS Institute, Inc., Cary, NC). The UCLA Claude D. Pepper Older Americans Independence Center assisted with the study design; with data collection, tracking, entry, management, analysis, and interpretation; and with the decision to submit the manuscript.
RESULTS
Between September 2001 and August 2003, 1,309 subjects were screened at 48 different locations, including senior community centers, senior apartment buildings, senior assisted living facilities, health fairs, and Native American Cultural Centers in Los Angeles County. Of the 1,309 subjects, 1,178 (90%) were ineligible to participate in the randomized trial. The majority of these subjects (63%) had habitual binocular distance visual acuity better than 20/32, 129 (11%) were younger than 65, 88 (7%) had less than 10 letters (2 lines of acuity) of improvement of their distance or near visual acuity, and 70 (6%) refused to have the eligibility examination, leaving 131 subjects who were enrolled in the randomized intervention trial after providing informed consent. Subjects who were ineligible to participate were younger on average and more likely to be Hispanic than those who were eligible (Table 1) .
Of the 131 participants, 20 (15%) did not have the follow-up examination, leaving 111 available for 3-month follow-up analyses. Of these who did not provide 3-month follow-up data, six were nonresponsive to phone calls and certified letters, eight were unable to schedule or complete a follow-up examination within the 3-month window, three moved, and three refused follow-up. There were no statistically significant demographic differences in those who did not have follow-up examination and those who did in the control or intervention group.
A majority of trial participants were Caucasian, a majority were female, and a plurality were widowed ( Table 2) . Baseline characteristics were similar between the treatment groups. The main reasons for visual acuity worse than 20/40 were AMD and cataracts. Trial participants had a habitual binocular distance and near visual acuity of 32 and 46.5 letters, respectively, which corresponds to an overall visual acuity slightly better than 20/63. They were less symptomatic than low-vision patients, who had a visual acuity of 20/250 in the better eye, and as symptomatic as patients with AMD in the NEI-VFQ test sample. 20 The type of vision correction needed by participants in both treatment arms was similar ( Table 3) .
Intention-to-Treat Analysis
Eight participants (14.8%) in the glasses-immediately group did not obtain new glasses before the 3-month follow-up, whereas two participants (3.5%) who received a prescription and voucher at the 3-month follow-up had already obtained new glasses. These subjects were analyzed in the group to which they were randomized. At 3 months after randomization, participants who had received prescriptions for eyeglasses/magnifiers and vouchers experienced better self-reported general vision, near visual acuity, distance visual acuity, mental health, and composite scores as reported on the NEI-VFQ than participants who received the prescription and voucher after the 3-month follow-up visit ( Table 4 ). In addition, there was a trend for participants who received prescriptions for eyeglasses, magnifiers, and vouchers immediately to experience better overall functioning on the Rosow-Breslau scale. Changes in binocular distance and near visual acuity and GDS scores were similar between the two groups. When the analyses were adjusted for the corresponding baseline measurement, age, and presence of AMD, participants who received only glasses (and not a magnifier) immediately had better general, distance, and near visual acuity; mental health; and composite scores on the NEI-VFQ, than participants who received a prescription and voucher 3 months later ( Table 5 ). Distance and near visual acuity of participants randomized to receive glasses only at baseline improved by 4.7 and 7.1 letters more, respectively, than that of the control group, whereas distance and near visual acuity of those with magnifiers only worsened by 2.3 and 2.2 letters, respectively.
Additional Analyses
In subgroup analyses, of those with AMD, scores of the immediate treatment group improved, whereas those of the delayed treatment group worsened (NEI-VFQ composite score: 4.3 vs À 2.0, P 5.04; general health score: 10.9 vs À 3.0, P 5 .03; general visual acuity score: 8.8 vs À 2.4, P 5.04). Of those without AMD, scores of the immediate treatment group improved, whereas those of the delayed treatment group worsened (NEI-VFQ composite score: 7.5 vs À 0.2, Po.01; general visual acuity score: 11.1 vs À 1.9, Po.01; distance visual acuity score: 6.8 vs À 6.3, P 5.01; social functioning score: 11.2 vs 0.8, P 5.01; and mental health score: 11.6 vs 0.2, P 5.05).
Because magnifiers are a method of treating low vision, the results were analyzed without the inclusion of the 38 (26) subjects who relied only on magnifiers to improve their near visual acuity. At 3 months after randomization, participants who received prescriptions for eyeglasses or for eyeglasses and magnifiers experienced better general visual acuity (11.8 vs À 2.4, Po.01), near visual acuity (9.2 vs À 0.2, P 5.02), distance visual acuity (7.2 vs À 5.6, P 5.01), mental health (14.4 vs 0.7, P 5.01), and NEI-VFQ composite scores (7.8 vs À 0.7, Po.01) than participants who received the prescriptions and vouchers at the 3-month follow-up. In addition, they tended to have better general health (5.8 vs À 0.6, P 5.08) and fewer role limitations (10.8 vs 1.2, P 5.08) due to vision problems, and their binocular near visual acuity was better at follow-up (8.6 vs 2.9, P 5.05).
DISCUSSION
This randomized trial of individuals aged 65 and older with uncorrected refractive error demonstrated clear benefits of eyeglasses and magnifiers on vision-specific quality of life. Significant benefits in perceptions of general, distance, and near visual acuity and mental health/well-being due to vision were found in the intervention group, despite the fact that there were improvements in measured binocular habitual distance and near visual acuity in both groups. The prevalence of uncorrected refractive error of two lines of acuity or more is 6.4% to 12% in the United States and Australia. [3] [4] [5] [6] 23 Prior population-based studies 8, [24] [25] [26] [27] [28] have shown an association between visual impairment and overall functioning, but these studies have not usually distinguished uncorrected refractive error from less-reversible causes of poorer visual acuity such as AMD. In the Proyecto VER study, 27 uncorrected refractive error was associated with decrements on nine of the subscales of the NEI-VFQ. These decrements were similar to those seen with age-related cataracts. Visual impairment in older persons is associated with functional decline, carrying with it the risk of more-frequent placements in nursing homes or other assisted living situations, 28 with corresponding consequences for individual quality of life and healthcare costs. Improvement in vision-targeted functioning after correction of uncorrected refractive error has rarely been documented in published studies. One example was a study at a low-vision referral clinic, 15 where correction of uncorrected refractive error and provision of low-vision aids were associated with subjective improvements in vision-related functioning. Although the current results have similarities to those found in this nonrandomized trial of 156 consecutive patients who were contacted by telephone before and 3 months after an examination in a low-vision clinic, the current study population's average distance visual acuity of 20/63 is considered to be near-normal vision, whereas the median distance visual acuity of 20/200 in the low-vision population is defined as low vision. 16 In the lowvision study population, of whom 47% (73/156) had uncorrected refractive error and 13.5% (21/156) were given a change in their eyeglass prescription only, the scores of four subscales of the NEI-VFQ (general, near, and distance visual acuity; peripheral vision) improved, whereas none of the subscales of the 36-item Short Form changed significantly after the provision of low-vision services. In the current study, 100% of participants had uncorrected refractive error, and 54.2% were given a prescription for new eyeglasses only. 
Continued
In another study evaluating the effect of rehabilitation on patients at two low-vision clinics of the Department of Veterans Affairs, 29 improvements in visual acuity were independent of the decrease in difficulty with tasks that were easier after rehabilitation: difficulty reading ordinary print, difficulty reading small print, difficulty figuring out bills, and difficulty going to the movies. Participants from the two clinics had average best-corrected visual acuity of 20/63 and 20/100. This study had several limitations. It was difficult to find participants with uncorrected refractive error. Of those who were screened, 62% had current binocular visual acuity better than 20/32, and only 10% had decreased visual acuity that could be improved by two or more lines of acuity ( !10 letters). The prevalence of uncorrected refractive error of 10% that was found is similar to that reported in other population-based studies in the United States and Australia. [3] [4] [5] [6] 22 Another limitation was that distance and near visual acuity did not improve as much as expected in the intervention group, despite the fact that one of the enrollment requirements was an improvement in visual acuity of 10 letters or more with eye glasses or magnifiers. In a study evaluating the reproducibility of repeated measurements of visual acuity in screening and clinical settings, measurements of visual acuity in the same setting are identical in only 75.4% of eyes and are within one line of acuity (5 letters) in 92.1%. 30 In the current study, the intervention group's distance and near visual acuity changed by more than one line of acuity (5.5 and 6.1 letters, respectively), whereas the change in the control's group visual acuity was within one line of acuity. Across both groups, approximately 9% of participants did not comply with their treatment assignment. It is especially surprising that 14.8% of participants randomized to obtain new glasses immediately did not obtain new glasses before the 3-month follow-up visit, despite the fact that the eyeglasses were free. This lack of compliance may have affected the ability to detect a larger acuity change at follow-up in the glasses-immediately group. In addition, the improvement in vision-targeted quality of life and preservation of independence in ADLs in the intervention group may be because new glasses give better visual functioning on average in ways that are not accounted for by visual acuity, such as, they are less scratched, not bent, or better looking and so are more likely to be worn.
Because participants were not masked to the intervention, there is the possibility that a Hawthorne effect or learning effect led to improvement in the measured, followup visual acuity in the control group. In addition, because participants were selected based on poor visual acuity, the gains in the control group could represent regression to the mean for their true values. This improvement in visual acuity did not prevent us from detecting a difference in the vision-specific quality of life between the two groups from being detected. This points out the importance of having a control group; presumably, masking of participants to treatment group would have helped even more. Despite these limitations, this trial is the first randomized trial comparing immediate correction of uncorrected refractive error with delayed correction. The findings provide support for the intuitive conclusion that correction of uncorrected refractive error is beneficial to communitydwelling individuals and documents that this is the case not only for low vision but also for near-normal vision. Based on these findings, older persons and their providers should be made aware of the prevalence of uncorrected refractive error and the potential benefits in terms of perceptions of vision-targeted quality of life and preservation of independence in ADLs.
